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Background of Invention 

[0001] The present invention relates generally to a method and apparatus for nneasuring 
the SNR during magnetic resonance imaging, and more particularly, to a method and 
apparatus for real-time SNR measurement during magnetic resonance imaging. 

[0002] The use of magnetic resonance imaging has expanded from simple diagnostic 
imaging into the field of guided surgical imaging. The development of a variety of 
open magnetic resonance imaging (MRI) systems has facilitated such usages and has 
resulted in an increase in MR guided surgical interventions. Despite the recent 
improvements in MR instrumentation, interventional MR imaging often still suffers 
from low signal-to-noise ratios (SNR) during some interventional procedures. Open 
MRI systems can be particularly susceptible to such low SNRs. 

[0003] A good portion of the SNR restrictions are often related to the MR system 

specifications. These portions can often only be improved by a redesign of the MR 
system. Often this is not a practical solution. Existing MR systems can represent a 
significant investment of caiiital and therefore may not be slated for replacement or 
reconfiguration for some time. Additionally, design and manufacturing timelines may 
represent a considerable hurdle for implementation of improvements to the MR 
instrumentation. Again, while such design improvements are desirable and 
undoubtedly eventual, an approach to improving SNR that can be implemented on 
existing systems would be highly valuable. 

[0004] 

Although a large portion of the SNR restrictions may be related to the MR system 
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design, the SNR can be significantly influenced by instruments and monitoring devices 
used during surgery. Anesthesia devices, heart-rate monitors, and a wide variety of 
other electronic devices can generate noise during operation. The noise emitted by 
these devices can often be reduced by minor modifications of the surgical setup, such 
as repositioning devices or cables. Although such repositioning can produce 
significant improvements to the SNR, the amount of time available for such 
reconfigurations of the surgical environment is often quite limited before and during 
surgery. Localized sources of noise must often be quickly identified and repositioned 
to a desirable position. An immediate, fast, and interactive method of monitoring the 
effects of changes to the surgical environment would therefore be highly desirable. An 
effective way of communicating such changes to staff within the surgical environment 
would also be desirable. 

Summary of Invention 

[0005] It is, therefore, an object of the present invention to provide an apparatus and 
method for measuring the SNR during magnetic resonance imaging. It is a further 
object of the present invention to provide an apparatus and method quickly and 
simply improving the SNR during magnetic resonance imaging through the use of 
audio/visual indicators. In accordance with the objects of the present invention, an 
apparatus for measuring real-time SNR during magnetic resonance imaging is 
provided. The apparatus includes an image processing engine in communication with 
a magnetic resonance imaging system. The image processing engine calculates an 
acquired real-time signal-to-noise ratio based on a real-time image received from the 
MRI system and compares the acquired real-time SNR to a reference SNR to develop a 
relative SNR variance. The apparatus further includes an audio output device. The 
audio output device broadcasts a signal in response to the relative SNR variance. Other 
objects and features of the present invention will become apparent when viewed in 
light of the detailed description of the preferred embodiment when taken in 
conjunction with the attached drawings and appended claims. 

Brief Description of Drawings 

[0006] 

FIGURE 1 is an illustration of an embodiment of an apparatus for measuring real- 
time SNR during magnetic resonance imaging; FIGURE 2 is a detailed flow diagram 
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illustrating an embodiment of a method for measuring real-time SNR during magnetic 
resonance imaging in accordance with the present invention; andFICURE 3 is a detail 
of a flow diagram illustrating an embodiment of an audio scheme for use in an 
apparatus as described in claim 1 . 

Detailed Description 

[0007] Referring now to Figure 1 , which Is an illustration of an apparatus for measuring 
real-time SNR during magnetic resonance imaging 1 0. The apparatus includes a real- 
time image processor 12 in communication with a magnetic resonance imaging 
system 14. Although the present invention was developed for use with a 0.5T open 
MRI scanner, it should be understood that it is applicable for use with a wide variety of 
magnetic resonance imaging systems 14 including both open and dosed systems. 

[0008] The real-time image processor 12 includes an image processing engine 16 
utilized to process real-time images 1 8 received from the magnetic resonance 
imaging system 14. The imaging processing engine 16 calculates changes in the 
signal-to-noise ratio 26 of the incoming real-time images 18. These changes are then 
communicated to operators of the magnetic resonance imaging system 14 through 
the use of at least one media device 20 in communication with the real-time image 
processor 1 2. Although a variety of media devices 20 are contemplated by the present 
invention, two of the most significant media devices 20 contemplated are a visual 
display 22 and an audio feedback device 24. Both of these media devices 20 can be 
utilized either alone or in combination with one another and carry with them inherent 
benefits. The use of a visual display 22 allows for the communication of precise 
changes in the SNR ratio in combination with a visualization of the incoming real-time 
images 1 8. The communication can take the form of a variety of standard devices 
such as a bar graph 28, a scale 30, or a printed value 32. The audio feedback device 
24, such as active loudspeakers, can provide operators with immediate information 
regarding changes in the SNR without distracting them from the tasks at hand or 
requiring their attention to be pulled to a video display 22. 

[0009] 

Although it is contemplated that the image processing engine 1 6 may function in 
a variety of fashions, one embodiment is illustrated in Figure 2. Successful execution 
of the image processing engine 1 6 requires the definition of two regions of interest, a 
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region of interest placed in an area of pure noise (ROI 34), and a second in an 

noise 

area of signal (ROI . , 36). These regions 34,36 can be defined using a variety of 
signal 

methodologies. One contemplated methodology utilises magnitude images to define 
the regions of interest 34,36- Other contemplated methodologies can utilize complex 
raw data to determine noise using an average of pixel intensities at the edge of the k- 
space 38 while peak signal can be found in the center of k-space 40. Although two 
methodologies have been described, it should be understood that a wide variety of 
such methodologies are contemplated by the present invention. 

[001 0] When an incoming real-time image 1 8 is acquired it is sent to the real-time image 

processor 50. The average signal is calculated by the image processing engine 16 and 

the engine calculates values for the ROI . , and the ROI 52, An acquired SNR 

signal noise 

is estimated base upon the equation SNR = ROI . , /ROI 54. The method 

acq signal noise 

can further include the step of calculating a referenced SNR 56. Although this may be 

accomplished in a variety of fashions, one embodiment averages the first three SNR 

to create the SNR ^58. Other embodiments, however, may utilized alternate 
acq ref 

methods for calculating the SNR or may use predetermined values for the SNR . 

Once a SNR ^ and a SNR are calculated, a relative SNR variance can be calculated 
ref acq 

60. Again, although a variety of calculations can be used to calculated the SNR 

variance, one embodiment contemplates the use of the equation SNR = 100*SNR 

var 

/SNR ^ -1 00. It is also contemplated that the SNRref may be recalculated if and 
acq ref 

when the SNR improves beyond a certain threshold 62. One contemplated 
var 

embodiment sets the threshold at 200% and sets the SNR ,tb the SNR if this 

ref acq 

threshold is met. The results of the SNR are then communicated to a media device, 

var 

such as an audio-visual device, for output 64. 



[0011] 



The results can be displayed /conveyed by the media device in a plurality of 

fashions. One particular embodiment contemplates displayed the results on a color 

coded scale of 20% to 200%. It is further contemplated that the operator may be 

notified in a command window if the SNR value was reset. Similarly, the present 

ref 

invention contemplates the use of a wide variety of audio-schemes 70 that can be 
used with the present invention. One example of an audio-scheme 70 is illustrated in 
Figure 3. The use of audio schemes 70 can be used to allow operators to easily 
distinguish between increase and decrease of SNR even if mixed in with noise 
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generated by the magnetic resonance imaging system 14. The assignment of a first 
tone for increase in SNR and a second tone for decrease in SNR 72 is one element of 
the proposed audio scheme 70. Increasing the number of beeps in relation to 
increased SNR magnitude 74 is a second element. It should be understood that 
although the delta SNR 76 utilized for the audio-scheme 70 may simply be based 

upon the SNR it may be based upon values other than the SNR ^ . In one 

var, ref 

embodiment SNR , . =100*SNR /SNR , . In this embodiment, the 

delta acq(x+l) acq(x) 

audio-scheme 70 can respond to SNR changes between corresponding image frames 

rather than based upon an SNR ^ . 

ref 

[0012] While particular embodiments of the invention have been shown and described, 
numerous variations and alternative embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be limited only in terms, of the 
appended claims. 
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